Objective: The purpose of this study was to investigate the association between three helping behaviors and incident cardiovascular disease (CVD; heart attack, stroke; fatal and nonfatal), with an exploration of gender differences. The study is framed within the caregiving system model. Helping others is argued to be an evolved characteristic of humans that yields beneficial health effects. Methods: Data were taken from the 2004-2014 waves of the Health and Retirement Study. The three forms of helping others considered were formal volunteering, informal helping, and caregiving for a parent or spouse. Cox proportional hazards models were estimated for gender-stratified samples. Results: Women who volunteered showed a lower risk of incident CVD compared to women who did not volunteer. Men who informally helped others in the community exhibited a lower risk of incident CVD compared to men who did not provide this form of help. Caregiving status was generally not associated with incident CVD for women or men. Discussion: The results demonstrated that specific types of prosocial behavior may be beneficial for women and men. However, tests for effect differences showed that gender did not moderate the relationships between these helping behaviors and CVD risk.
cardiovascular disease (CVD; fatal and nonfatal) among adults, exploring whether there are gender differences in these relationships. When it comes to the health consequences of helping others, volunteering or providing instrumental social support to others is generally beneficial for health. Further, research shows that caregivers are generally healthier than noncaregivers (e.g., Brown & Brown, 2014; Fredman, Cauley, Hochberg, Ensrud, & Doros, 2010; Roth, Fredman, & Haley, 2015) . This study contributes to our understanding of how different forms of helping behaviors may be related to incident CVD and how this may differ by gender.
The Caregiving System Model
Selective investment theory (SIT) provides an evolutionary explanation for why altruistic behavior (i.e., high-cost investments associated with helping others) promotes survival of humans through reference to social bonding and emotion regulation (Brown & Brown, 2006) . Through the prism of SIT, Brown and Brown (2014) offer a caregiving system model to explain why helping others is expected to be beneficial to the care provider (see also Okun, Yeung, & Brown, 2013) . Their model is developed in response to two different hypotheses on family caregiving and health outcomes-the caregiver strain hypothesis (Schulz & Beach, 1999) and the healthy caregiver hypothesis (Fredman et al., 2010) . Brown and Brown define caregiving as "helping behavior that provides, or is intended to provide, aid or assistance to individuals in need" (Brown & Brown, 2006, p. 75) . They argue this definition is inclusive enough to cover volunteering in the community, as well as providing informal help in the community.
A central theme of the caregiving system model is that helping has evolved over a long period of time and is an adaptive behavior that promotes survival of the human species. Brown and Brown (2006) argue that helping has positive repercussions for the health of the helper by improving relationship satisfaction with those who are being helped and by regulating the negative health effects of stress. They assert when humans perceive that others need help, and when they themselves have the capacity to provide help, this motivates the helper to take action. In turn, this triggers neurological responses that release beneficial hormones, such as oxytocin and progesterone, which are protective against the negative consequences of stress. This proposition is consistent with a large and growing body of research that shows helping others generally yields a winwin outcome-prosocial behavior benefits both the helper and those being helped (Jenkinson et al., 2013) .
The caregiving system model provides some clues on how different forms of helping may not be equally beneficial. Brown and Brown (2014) argue that activation of the caregiving system is contingent on whether the help is based on "other-directed" or "self-directed" (p. 90) motivations. That is, it is only when other-directed motivations (e.g., empathetic concern) drive the helping behavior that activation of the neurological responses leading to stress regulation and positive health outcomes occurs. Conversely, helping behavior based on self-directed motivations (e.g., sense of obligation or avoidance) may yield fewer health benefits or even lead to negative outcomes. Further, a lack of pertinent resources (e.g., time, social support, practical skills to provide care) may also influence the activation of the caregiving system. Based on resource-based and motivational mechanisms, discretionary helping behavior (e.g., volunteering) may yield greater health benefits compared to a more obligatory forms of helping (e.g., family caregiving). Also, helping behaviors that require fewer resources (e.g., volunteering, informal helping) may be more beneficial compared to those that require more resources (e.g., family caregiving; see below). However, the model does not provide direct guidance on the possibility of gender differences in terms of the benefits from helping others.
Current Research Findings for Helping Others and Well-Being
We investigate three forms of helping behavior: formal volunteering for organizations, informal helping provided to social network members living outside of the helper's residence, and family (spousal and parental) caregiving. Each form of helping is differentiated by where the help is given, the nature of the relationship between the helper and the helped, including the emotional connection to the recipient, the sense of obligation versus discretion, and expectations based on the gendered nature of caring. For example, a spousal caregiver is emotionally connected to the care recipient and the care recipient may be on an irreversible downward trajectory with respect to health. Volunteers work on a discretionary basis to achieve an organization's goals and the rewards accruing to individuals for whom the organization is trying to provide benefits may be indirect. Nevertheless, both activities may still provide meaning and other rewards. Typically, these forms of helping are investigated separately, making it difficult to compare results across studies that use different research designs. We are unaware of any published research that examines the association between diverse helping activities and incident CVD, with a focus on possible gender differences.
Volunteering and CVD
Several reviews describe the link between volunteering and mortality (e.g., Anderson et al., 2014; Jenkinson et al., 2013; Okun et al., 2013) , consistently showing that older adults who volunteer have a lower risk of mortality than those who do not volunteer. Volunteers also have a lower risk of hypertension than nonvolunteers in both prevalence and incidence studies (Burr, Tavares, & Mutchler, 2011; Sneed & Cohen, 2013; Han, Tavares, Evans, Saczynski, & Burr, 2016) .
Informal Helping and CVD
Some evidence suggests that informal helping behavior is linked with reduced CVD and mortality. Brown, Nese, Vinokur, and Smith (2003) demonstrate with data from the Changing Lives of Older Couples Study that older persons who provide instrumental support to friends, relatives and neighbors have a lower risk of death than those who do not (see also Poulin, Brown, Dillard, & Smith, 2013) . Han and colleagues, using the Health and Retirement Study (HRS), find persons providing a modest amount of informal help demonstrate a lower risk of CVD compared to persons who did not provide any help (Han et al., 2017) . Gender differences for informal helping and CVD have not been investigated in this generally underdeveloped research area.
Caregiving and CVD
Some research shows that caregiving may be related to increased risk of CVD and mortality, while other research indicates no risk and even potential benefits from caregiving. Studies showing increased risk of mortality find that caregivers who report strain related to caregiving are more likely to die than noncaregivers and caregivers not reporting caregiver strain Roth et al., 2013; Schulz & Beach, 1999) . Gender differences in mortality risk and caregiving are not identified in these studies. Other research shows that caregivers have a decreased risk of mortality than noncaregivers (Brown et al., 2009; Caputo et al., 2016; Fredman et al., 2010) . Summarizing research based on five population-based studies, Roth et al. (2015) conclude that caregivers have increased longevity when compared to noncaregivers.
Studies show that both short-term and long-term spousal caregiving is related to the onset of CVD, with no gender differences reported (Capistrant, Moon, Berkman, & Glymour, 2012) . Some research shows that these effects are only present when the caregiver has health problems (Buyck et al., 2013) or when the caregiver is experiencing strain related to caregiving (Haley, Roth, Howard, & Safford, 2010) . Spousal caregiving is shown to be related to higher risk of coronary heart disease but parental caregiving or caregiving to others is not related to a higher risk among women (Lee, Colditz, Berkman, & Kawachi, 2003) .
Gender, Helping, and Health
There are at least two possibilities with respect to whether men and women differ in terms of health-related benefits from helping others. On the one hand, women may receive fewer benefits and experience higher costs from helping others than men in part because women are expected, or even feel obligated, to engage in unpaid care work (Raschick & Ingersoll-Dayton, 2004) . Women are more likely to engage in direct care. Men often provide help on a more discretionary, less intense and less burdensome basis, taking a managerial approach (Pinquart & Sörensen, 2006 ).
On the other hand, women may receive more benefits from helping others than men because these activities are more rewarding for women, when this activity helps fulfill expectations and provides meaning (Baillargeon et al., 2011) . This may be the case because girls are socialized to provide support to others, often at a very young age, whereas boys are not socialized toward prosocial behaviors to the same degree (Baillargeon et al., 2011) . Women are more likely than men to benefit from helping others in terms of both physical and mental health outcomes (Morrow-Howell, Hinterlong, Rozario, & Tang, 2003; Windsor, Antsey, & Rodgers, 2008) .
What is not well known is which specific types of helping behavior are related to CVD risk and whether these relationships are different for women and men later in the life course. It is possible that women will benefit more than men from helping others through volunteering and informal provision of help to social network members because this is a lower cost form of helping, but women may benefit less than men from caregiving because women tend to engage in more intensive and difficult caregiving tasks.
Cardiovascular disease (CVD) is the leading cause of death among men and women in the United States (IOM, 2010) . CVD is a group of illnesses that includes heart attack, stroke, and congestive heart failure, among other conditions. When comparing age-adjusted death rates, men are at higher risk than women, except for the age group 80 and older, at which point women have a higher CVD death rate (Mosca, Barrett-Connor, & Wenger, 2011 ). Women's risk of CVD increases after menopause, indicating a need to study CVD and relevant risk factors among both middleaged and older women, comparing the results to similarly aged men.
Hypotheses
Despite the sometimes equivocal empirical findings, but consistent with the caregiving system model, we pose two hypotheses about helping behaviors and incident CVD: (a) Incident CVD will be less likely among adults who volunteer or provide instrumental support to others, however, caregivers will not be different from noncaregivers when it comes to incident CVD; and (b) When it comes to incident CVD risk, women will be more likely to benefit from these helping activities than men.
Methods

Data Source
We examined data from the HRS, a nationally representative panel survey of adults 51 years old and older in the United States (Servais, 2011) . The HRS began collecting data in 1992 and contains rich information on health, labor force participation, family, economic, and psychosocial characteristics. The HRS oversampled Blacks and Hispanics.
Study Sample
This study used six waves of data from the 2004 to 2014 versions of the HRS. Incident CVD (nonfatal and fatal) included self-report of respondents' most recent heart attack or stroke, or death due to CVD between 2004 and 2014 (with month and year reported). All independent variables were measured at baseline (2004) . Respondents with a history of a heart-related conditions (e.g., heart disease, coronary heart disease, angina, congestive heart failure), stroke, or transient ischemic attack were excluded from the analyses at baseline (n = 4,660). Additionally, coupled respondents whose partner was part of the HRS sample but not interviewed in 2004 were excluded because spousal caregivers were defined based on care recipients reports of assistance with functional limitations (n = 166).
Data were taken primarily from the core public-use files provided by the Survey Research Center at the University of Michigan. Household income, household net worth, Body mass index (BMI), and health condition variables were taken from the RAND files. Respondents who were lost to sample for reasons other than death were excluded (n = 321). After excluding cases with incomplete information due to missing data (n = 435), the final study sample included 11,418 persons aged 51 and older at baseline (women = 7,031, men = 4,387). Preliminary analyses with gender by helping behavior interaction terms demonstrated mixed results (nonsignificant interaction effects for volunteering and informal helping and significant effects for caregiving). Risk factors for CVD vary by gender and some studies have been conducted on one or the other gender. Thus, we stratified the data by gender, conducting separate analyses for women and men.
We compared respondents at baseline who had reported CVD (excluded from the study sample) with respondents who did not report CVD (included in study sample). At baseline, non-CVD respondents had a higher rate of volunteering and informal helping compared to those with CVD, and this pattern held for both men and women. For family caregiving, men with and without CVD were similar in terms of this form of helping. For women, those without CVD provided more family caregiving compared to those with CVD. With respect to other variables, those with CVD at baseline were older, less healthy and generally more disadvantaged compared to those in the study sample.
Measures
Cardiovascular Disease Incidence
Incident CVD was defined as a nonfatal heart attack or stroke, or a CVD-related death. Heart attack and stroke events were based on questions regarding when the most recent heart attack (i.e., myocardial infarction) or stroke occurred. Cause of death was ascertained during exit interviews with a knowledgeable informant, usually a family member. Survival time was defined as the number of years from baseline interview (2004) to year of CVD incidence or death due to CVD. For those remaining event-free, the number of years from baseline interview to year of last interview was assigned as survival time. Information on the month and year of CVD event or death was provided; however, due to substantial missing data on the month of heart attack and stroke events, we used year of event to estimate survival time (for a similar approach, see Moon, Glymour, Subramanian, Avendaño, & Kawachi, 2012) .
Helping Behaviors
Volunteering activity was based on whether respondents "spent any time in the past 12 months doing volunteer work for religious, educational, health-related or other charitable organizations" (1 = yes; 0 = no). Informal helping was based on whether respondents "spent any time in the past 12 months helping friends, neighbors, or relatives who did not live with you and did not pay you for the help" (1 = yes; 0 = no). Caregiving included help provided to a spouse and/or help provided to a parent. Spousal caregiving was determined by whether respondents gave help to a spouse who had at least one Activity of Daily Living (ADL) limitation or one Instrumental Activity of Daily Living (IADL) limitation. Parental caregiving was based on two questions: whether respondents spent 100 or more hours during the last 2 years helping their parents or parents-inlaw with basic activities like dressing, eating, and bathing and whether respondents spent 100 or more hours helping their parents or parents-in-law with household chores, errands, and transportation. Respondents who said yes to either question were considered parental caregivers. A family caregiving variable was created, whereby 1 = caregiver for spouse, parent, or both, and 0 = noncaregiver.
Covariates
Age was included in years. Gender was identified as 1 = women and 0 = men. Race and Hispanic ethnic status included a set of four dichotomous variables: non-Hispanic White (reference group); non-Hispanic Black, non-Hispanic "other race," and Hispanic (any race). Due to small sample size, non-White and non-Black respondents were grouped into a single "other race" category by the HRS to assure confidentiality. Marital status was dichotomized into 1 = married and 0 = nonmarried. Education was years of completed schooling (range 0-17). Annual household net worth (assets minus debts) and annual household income (transformed by the natural log) were controlled. Working for pay was self-reported as 1 = yes, 0 = no. A health conditions index was created by summing affirmative responses to self-reports of diagnoses of cancer, diabetes, lung disease, arthritis, and psychiatric condition (range 0-5).
Smoking behavior was measured as 1 = current smoker and 0 = former or nonsmoker. Physical activity was measured as 1 = vigorous or moderate physical activity more than once a week and 0 = vigorous or moderate physical activity once a week or less. Examples of vigorous activity included running, cycling, and swimming, among others. Examples of moderate activity included gardening, walking and stretching, among others. BMI (kg/m 2 ) was measured as 1 = normal weight (BMI ≤ 18.5-24.9 kg/m 2 ) and 0 = other weight groups.
Analytic Strategy
All analyses were conducted with mean-centered respondent weights. Descriptive statistics are presented first. Cox proportional hazard models are employed to estimate the relative incident CVD (including CVD deaths) hazards associated with helping behaviors, with event-free and other causes of death as noninformative censored events. Follow-up time was defined as the number of years from baseline interview to year of most recent CVD event or CVD death, other death, or last interview. We first estimated a series of unadjusted models that included each form of helping along with a model that included all three forms of helping together, followed by models adjusted for the covariates identified above.
Since Cox proportional hazard models do not account for competing risk events and often overestimate risk of events in older populations with high mortality (Berry, Ngo, Samelson, & Kiel, 2010) , we also estimated proportional hazards competing risk models, with other causes of death treated as a competing risk (Fine & Gray, 1999) . Results from this sensitivity analysis were consistent with the results from a model that compared non-CVD status to incident CVD only. We reported only the results from the standard Cox proportional hazards models (for results for the competing risk models, see Supplementary Table 1) . Statistical analyses conducted with STATA version (StataCorp, 2013) .
Results
Descriptive characteristics of the full study sample and for women and men separately are presented in Table 1 . In the full sample, 12.6% of respondents were diagnosed with CVD or died from CVD causes; approximately 11.5% of the sample died from other causes. At baseline (2004), helping others was common, such that 37.9% of respondents were volunteers, 58.0% provided instrumental support to persons outside respondents' household, and 9.6% provided care to a spouse or a parent, or both.
Statistically significant gender differences were present for the risk of incident CVD, where 14.3% of men experienced a CVD event compared to 11.3% for women during the observation period. With respect to gender differences in helping behaviors, 38.9% of women were volunteers at baseline and 36.4% of men were volunteers. Nearly twothirds of men (65.5%) provided informal help to others, whereas only about one-half of women (52.6%) engaged in this activity. While men provided more family caregiving (10.3%) compared to women (9.1%), the differences were not statistically significant. The bivariate relationships for no CVD event versus incident CVD event (fatal and nonfatal) and the helping behaviors, along with the covariates, were also examined but not discussed here (see Supplementary Table 2 ). Table 2 contains hazard ratio estimates (HR for unadjusted hazard ratios and aHR for adjusted hazard ratios) and 95% confidence intervals for unadjusted models and adjusted models with covariates. Only coefficients for the helping behaviors are reported to conserve space; those for the covariates are reported elsewhere (Supplementary Table 3 ).
Risk of Incident CVD for Three Helping Behaviors
Volunteering by Gender
Women who volunteered at baseline had a lower risk of incident CVD compared to those women who did not volunteer (HR = 0.61; 95% CI = 0.52-0.72). Although the inclusion of covariates diminished the magnitude of the estimated HR for volunteering at baseline, the results remained statistically significant (aHR = 0.78; 95% CI = 0.66-0.92). This suggests that CVD incident risk was lower for women volunteers compared to women nonvolunteers. In the unadjusted model, men who volunteered at baseline also showed a lower risk of incident CVD compared to men who did not volunteer (HR = 0.68; 95% CI = 0.57-0.83). However, the relationship became nonsignificant after adding covariates to the model (aHR = 0.93; 95% CI = 0.76-1.13).
Informal Helping by Gender
In the unadjusted models, women who provided informal help to relatives, friends, and neighbors had a lower probability of incident CVD compared to women who did not provide this type of instrumental support (HR = 0.58; 95% CI = 0.49-0.67). After adding covariates to the model, informal helping among women was no longer significantly associated with incident CVD risk (aHR = 0.91; 95% CI = 0.78-1.06). Men who were engaged in these forms of informal helping behaviors at baseline showed a lower risk of incident CVD in both unadjusted and adjusted models, compared to men who were not engaged in this type of helping (HR = 0.56; 95% CI = 0.47-0.67; aHR = 0.75; 95% CI = 0.63-0.91, respectively).
Caregiving by Gender
Women who were providing caregiving to a spouse or parent at baseline had a lower probability of incident CVD risk compared to women who were not acting as caregivers (HR = 0.71; 95% CI = 0.54-0.95). In the adjusted model, the association between caregiving and incident CVD among women was no longer statistically significant (aHR = 0.86; 95% CI = 0.65-1.14). In both the unadjusted and adjusted models, there was no statistically significant relationship between caregiving and incident CVD risk for men during the study period (HR = 1.23; 95% CI = 0.93-1.63; aHR = 1.24; 95% CI = 0.93-1.65, respectively).
In both unadjusted and adjusted models, when all three forms of helping were entered into the survival models at the same time, the results were consistent with models that included the helping behaviors separately. Finally, to compare effects across the gender stratified samples, we estimated whether the coefficients for the helping behaviors were statistically different for women and men. The coefficients for volunteering and informal helping were not statistically different, whereas those for caregiving were statistically different.
Regarding the relationships between the covariates and incident CVD, for both women and men, older age, higher numbers of health conditions, and being a smoker was related to an increased risk of incident CVD. For both men and women, engaging in physical activity was related to a lower risk of incident CVD. Among women, but not men, being obese was related to a higher CVD risk.
Discussion
When examining helping behaviors and incident CVD distributions, more women than men were volunteers, more men than women engaged in informal helping, and women had a lower risk of CVD. No differences were observed for family caregiving. Regarding the association between helping behaviors and CVD risk, women who volunteered had a lower risk of incident CVD than women who did not volunteer and men who provided informal help had lower incident CVD risk than men who did not engage in this activity. Caregiving was not related to incident CVD risk for either women or men. Support for the first hypothesis was provided (within samples of women and men); however, support for the gender differences hypothesis was not found based on a comparison of coefficient size for the samples of women and men. Although we do not have the data to directly test the following, it may be that volunteering is more other-directed (compared to informal helping/caregiving) and requires fewer resources, thus, yielding a salubrious health effect for women. It may also be that informal helping and caregiving for women is normatively expected from others, and when men engage in this activity, it is not always expected. Women may not receive full "credit" for engaging in these behaviors, but men may. Because of this, women may benefit from volunteering (due to its perceived more discretionary character), while men may benefit from informal helping. More research is needed on possible reasons why women and men appear to benefit from different forms of helping.
With these nationally representative data and with these models, family caregiving status did not appear to be associated with risk for incident CVD. These results were inconsistent with the caregiver strain hypothesis (Schulz & Beach, 1999) and the healthy caregiver effect (Fredman et al., 2010) . Although our results are consistent with some recent literature that shows caregiving is either not harmful or may even be healthful (Caputo et al., 2016) , it is premature to draw any firm conclusions because research has demonstrated that it is not necessarily caregiver status that is related to health outcomes but rather the characteristics of the caregiver (e.g., health status, perceived stress or burden) and the characteristics of the care recipient (e.g., cognitive impairment, disability status) that may be most relevant. The inconsistencies in research findings may be due to the context of the caregiving situation, such as length of time in the caregiving role, relationship between the care provider and the recipient, specific caregiving activities, and isolation of the caregiver from support systems (Brown et al., 2009; Capistrant et al., 2012; Fredman, Lyons, Cauley, Hochberg, & Applebaum, 2014) .
The caregiving system model (Brown & Brown, 2006 ) received some support in this study, mainly with respect to the potential beneficial effects of volunteering (women) and informal helping (men). The lack of a beneficial effect for caregiving in later life does was not consistent with the emerging empirical literature from population-based samples. The caregiving system model is based on neurobiology and psychology and, as far as we have been able to determine, did not offer explicit guidance regarding expectations for gender differences in the helping behaviors-health relationship. However, the utility of the caregiving system model is that it presents a multidisciplinary foundation for expecting help to be salubrious with respect to health, instead of detrimental.
Limitations
First, there are unobserved factors, such as underlying physiological characteristics, quality of relationship with those who are helped, and motivations or opportunities for helping, relating to both helping behaviors and CVD risk that were not controlled in the models. It is also likely that selection effects were present, such that healthier persons were more likely to provide help than persons in poorer health. We noted earlier that our study sample contained respondents at baseline who were healthier than persons excluded due to CVD diagnosis and that the sample included older persons who were more engaged in volunteering and informal helping at baseline. As such, no conclusions regarding causality were possible in this largely descriptive study.
Second, this study did not consider the specific characteristics of the three types of helping that may have been related to incident CVD. For example, it is possible that the amount of time devoted to helping is more important than status as a helper. Other characteristics of helping not evaluated include the meaningfulness of the activity, the emotional response, intensity, type of activity within form of helping, and so forth. This may be one reason gender differences across types of helping were not discovered. Third, we only had data on time of occurrence for two of the components of incident CVD events (heart attack and stroke), along with CVD death, due to data limitations. Other components include arrhythmia, heart valve problems, and heart failure; no information on the presence of these conditions is available in the HRS. Fourth, heart attack and stroke timing are measured as the "most recent" event and thus this may not have been the first such event for respondents.
Future Research
The current study also does not evaluate directly the biological factors (e.g., oxytocin) identified in the caregiving system model that may help explain how helping others may reduce stress and inflammation, and in turn reduce the risk of CVD. Future research should address the biological pathways. Finally, extending studies to include other indicators of health, such as cognition, functional status, and other specific diseases, along with attention to disability, would provide additional insights into the caregiving system model. Systematic attention to other mediators of the helping behavior and health outcomes relationships is also needed to help explain why there may be a benefit to helping others under varying circumstances for men and women. The set of potential mediators are well known, and include markers of stressed biological systems (e.g., cortisol, c-reactive protein, metabolic syndrome; Shivpuri, Gallo, Crouse, & Allison, 2012) . Psychosocial mediators have been shown to link social relationships with health, and include, but are not limited to, enhanced mastery, self-efficacy, and social support (Skaff, 2007) .
Contributions
The current study contributed to the research literature regarding helping others and health in later life in a number of ways. First, we conceptualized the problem within an emerging theoretical framework for understanding these relationships, the caregiving system model (Brown & Brown, 2006) . Second, we used nationally representative data from the United States to study the relationship between three forms of helping and incident CVD. Third, we demonstrated that women volunteers were less likely to incur incident CVD than nonvolunteer women and that men who were informal helpers were less likely to incur incident CVD than their counterparts who did not provide such support. 
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